This study used karyological techniques to determine the chromosome numbers and morphology of eight species of Onobrychis L. (O. caput-galli (L.) Lam, O. aequidentata (Sibth. & Sm.) d' Urv, O. fallax Freyn & Sint. var. fallax, O. lasiostachya Boiss, O. viciifolia Scop., O. oxyodonta Boiss. subsp. armena (Bois. & Huet) Aktoklu, O. hypargyrea Boiss. and O. cappadocica Boiss.). The results of this study determined the chromosome numbers of O. cappadocica as 2n = 16; O. viciifolia as 2n = 28 and the other species as 2n = 14. The karyotypes of species consisted of median-centromeric (m) or submedian-centromeric (sm) chromosomes. However, O. oxyodonta Boiss. subsp. armena (Bois. & Huet) Aktoklu was found to have only the median-centromeric (m) chromosomes. According to the results of the present study, of the eight Onobrychis taxa, only O. hypargyrea has a pair of satellite chromosomes (sat-chromosome). Furthermore, this study detected karyotype asymmetry.
Introduction
Onobrychis Miller is found in the area extending from the Mediterranean Region to the Caucasia, the Zagros Mountains and Central Asia (Abou-El-Enain 2002) . This genus is represented by approximately 342 species throughout the world and by fifty-two species, two subgenus and five sections in Turkey (Aktoklu 1995; Avci et al. 2010; Hesamzadeh Hejazi & Ziaei Nasab 2010) . Taxanomically, Onobrychis is an extremely problematic genus, the worst problems of which are experienced in Anatolia, one of the main centres of the genus (Davis 1970) . Genus taxonomy continues to be a subject of discussion, mainly because of the different approaches adopted towards species delimitation, which results in varying numbers of recognized species (Davis et al. 1988 ). Species of Onobrychis are generally confused with those of Hedysarum during the identification process (Hosgoren 2006) .
Most previous cytological studies on genus have concentrated on the chromosome count while only a limited number of studies have focused on detailed karyological criteria required for taxonomic purposes (Abou-El-Enain 2002) . Cytological examinations have shown that Onobrychis species generally have either 7 or 8 chromosome numbers, and three ploidy levels (2n = 2x = 14, 2n = 4x = 28, 2n = 8x = 56 and 2n = 2x = 16, 2n = 4x = 32) (Bolkhovskikh et al. 1969; Löve 1972 Löve , 1976 Abou-El-Enain 2002) . Furthermore, the results of the study conducted by Hesamzadeh Hejazi & Ziaei Nasab (2010) on the karyology of 21 Iranian Onobrychis taxa from different geographic regions provide a detailed picture of the chromosome characteristics of Iranian Onobrychis. The concerned study both showed that the number of chromosomes mainly varied between x = 7 and x = 8 and pointed out large chromosomal variations (Hesamzadeh Hejazi & Ziaei Nasab 2010) . However, there is only limited data related to the species growing in Turkey and the karyotypes of only a few taxa have been described so far (Buyukasik et al. 2003; Tabur 2004; Hosgoren 2004) . Therefore, the present study aimed to determine the chromosome numbers, chromosome morphologies and karyology of the eight Onobrychis species included in the study scope.
Material and methods
Onobrychis specimens and seeds were collected from natural habitats during [2005] [2006] . Collected samples were analysed morphologically and karyological techniques were applied on the seeds. Collected specimens and seeds were stored in the Firat University Herbarium (FUH, 1001-1008).
Seeds were germinated at 25 • C on moist filter paper in petri dishes. Actively-growing root tips, 1.5-2 cm in length, Table 1 . Somatic chromosome number, ploidy level, karyotype formula, chromosome length range, total form percentage (TF%), differences of relative length (DRL), value of relative chromatin (VRC), percent of symmetry index (SI%), total karyotpe length (TKL), asymmetry index (A1, A2; Romero Zarco 1986) for Onobrychis taxa studied. were excised from the germinating seeds and pretreated with aqueous colchicine (0.05%) for 3 h at room temparature and fixed with acetic acid-ethanol (1:3) for 24 h and stored in 70% alcohol at 2-4 • C. The root tips were then washed and hydrolysed in 1 N HCl for 10-18 min. at 60 • C and rinsed in tap water for a minimum of 3-5 min. Staining was carried out in Feulgen for 1-2 h and root tips were put in 1% acetoorcein for 5-10 min for better staining results. Lastly, squash preparations were made with 45% acetic acid (Elci 1982; Bairiganjan & Patnaik 1989; Sahin 1993) .
Microphotographs of good quality metaphase plates of each specimen (normally at least three) were taken using an Olympus BX51 microscope and were recorded with an Olympus Camedia C-4000 digital camera. Karyotypes were obtained from well-spread metaphase plates. The long arm, short arm and total lengths of each of the chromosomes were measured and the relative lengths, arm ratios, and centromeric indices were determined. The chromosome nomenclature followed Levan et al. (1964) . The intra-chromosomal asymmetry index (A1) was calculated according to the formula proposed by Romero Zarco (1986) and the interchromosomal asymmetry index (A2) = s/x was measured (s is the standard deviation, and x the mean chromosome length).
Statistical analysis SPSS ver. 11.0 was used for statistical analysis of the study data. Mean values were compared by one-way ANOVA technique following Bartlett's test for homogeneity. Tukey's test was conducted on the size of the relative length (RL); arm ratio (AR) and centromeric index (CI).
Results and discussion
This study presents the somatic chromosome number, ploidy level, karyotype formula, chromosome length range, total form percentage (TF%), differences of relative length (DRL), value of relative chromatin (VRC), percentage of symmetry index (SI%), total karyotype length (TKL), intrachromosomal asymmetry index (A 1 ) and interchromosomal index (A 2 ) (Huziwara 1962; Romero Zarco 1986; Hesamzadeh Hejazi & Ziaei Nasab 2009 , karyomorphological parameters, metaphase chromosomes and haploid idiograms of the studied eight Onobrychis taxa (Tables 1, 2, Figs 1-9).
O. caput-galli
B2, 3-km area from Alaşehir District to Kula District, 731-m area around Kula dam lake, Manisa Province. Its chromosome number is 2n = 14 and it consists of five median-centromeric (m) and two submediancentromeric (sm) chromosomes (Tables 1, 2, Figs 1, 9A). The results of the chromosome number calculations made in this study for O. caput-galli comply with those obtained in many previous studies (Bolkhovskikh et al. 1969; Kuzmanov 1993; Buyukasik et al. 2003; Hosgoren 2004) . However, some other researchers (Slavivk et al. 1993 ; Abou-El-Enain 2002) have suggested different chromosome numbers (2n = 16 and 2n = 28) for O. caput-galli.
B2, 300-m area from Salihli District to Sart, Kurşunlu thermal springs, Manisa Province According to the results of the present study, the chromosome number of O. aequidentata is 2n = 14 (x = 7) and it consists of six median-centromeric (m) and one median-centromeric (sm) chromosomes (Tables 1, 2, Figs 2, 9B). However, several previous researchers have reported different chromosome numbers for O. aequidentata, such as 2n = 14 (Löve 1973 (Löve , 1976 Buyukasik et al. 2003) , 2n = 16 (Abou-El-Enain 2002) and 2n = 28 (Hosgoren 2004 Löve (1972) and Kuzmanov (1993) . Löve (1973) , Kuzmanov (1993) . Likewise, Bolkhovskikh et al. (1969) found that O. viciifolia had both 2n = 22 and 2n = 28 chromosomes. O. hypargyrea Boiss. -2n = 14 B2, 690-m area around Abide Bridge on Uşak-Gediz highway, Kütahya Province In this study, its chromosome number was determined to be 2n = 14 and it was found to consist of five submedian-centromeric (sm) and two mediancentromeric (m) chromosomes. The present study showed that this species has satellite chromosomes (Tables 1, 2, Figs 7, 9G). The chromosome count of O. hypargyrea was determined as 2n = 14 also by Tabur (2004) . Hejazi & Ziaei (2010) indicated that the studied species had the "m" and "sm" chromosomes, except for two Onobrychis species which also had "st" chromosomes. The results of the present study indicate that the studied eight Onobrychis taxa have two different basic chromosome numbers (either x = 7 or x = 8) and that only x = 7 species were tetraploid. All of the studied taxa were diploid (2n = 14 and 2n = 16), except for O. viciifolia which was poly- ploid (2n = 28). Previous studies supported that Onobrychis has generally two chromosome numbers of x = 7 or x = 8 (Slavivk et al. 1993; Abou-El-Enain 2002; Hesamzadeh Hejazi & Ziaei Nasab 2009 Ranjbar et al. 2010) . No satellite chromosome was observed in the karyotypes of the studied taxa, except for O. hypargyrea. On the contrary, Hesamzadeh Hejazi & Ziaei Nasab (2010) found that most of the populations had one or two pairs of visible small satellites.
The mean chromosomal length of the studied taxa was found to be in the 1.54 µm to 4.21 µm range. The smallest chromosome (Tables 1, 2, Figs 1 and 9A) was observed in O. caput-galli and the largest chromosome in O. lasiostachya (Tables 1, 2, Figs 4 and 9D ). In the present study, the mean value of the chromosome's long arm was recorded to be in the 0.88 µm (O. caput-galli) to 2.74 µm (O. hypargyrea) range and that of the chromosome's short arm to be in the 0.66 µm (O. caputgalli) to 1.66 µm (O. lasiostachya) range.
Hesamzadeh Hejazi & Ziaei Nasab (2010) offered 1.40-2.37 µm as the chromosome's long arm range and 0.922-1.66 µm as the chromosome's short arm range in their analysis on Onobyrchis species. In addition, AR results (the ratio of long arm/short arm chromosomes) revealed large differences between the examined Onobrychis taxa. A statistically significant difference was detected between the AR of O. viciifolia chromosomes, a tetraploid species (2n = 28), and the other studied taxa (F: 8.152 for AR; p < 0.05). The AR results obtained in the present study are, in general, in compliance with the findings of Hesamzadeh Hejazi & Ziaei Nasab (2010) . Hesamzadeh Hejazi & Ziaei Nasab (2010) indicated that AR displayed high important differences among some species from same or different sections whilst other species are not clearly divergent.
Karyotype asymmetry was determined by using different methods; total form percentage (TF%), differences of relative length (DRL), intrachromosomal asymmetry index (A 1 ) and interchromosomal asymmetry index (A 2 ). The present study suggests that TF% varied from 33.21 to 44.0 and DRL values varied from 4.11 to 7.18, whilst the intrachromosomal asymmetry indexes (A 1 ) varied from 0.2 to 0.4 and the interchromosomal asymmetry index (A 2 ) varied from 0.09 to 0.18 (Table 1 ). In the study by Hesamzadeh Hejazi & Ziaei Nasab (2010) , the intrachromosomal asymmetry index (A 1 ) was found to vary in the 0.183-0.424 range and TF% in the 35.95-45.18 range while DRL value ranged between 2.36 and 10.5 and the interchromosomal asymmetry index (A 2 ) between 0.08 and 0.27 for the Onobrychis species. Hesamzadeh Hejazi & Ziaei Nasab (2010) suggested the usage of the karyotype asymmetry applied in the comparative analysis of diploid and tetraploid Onobrychis for the species discrimination. They worked on the example of the diploid species of O. crista-galli: these diploid species were recorded to have the largest AR value (1.7), the lowest CI% (35.9) or TF% value (35.95) and the highest A 1 value (0.42), exhibiting the most asymmetrically and intrachromosomally derived karyotypes (Hesamzadeh Hejazi & Ziaei Nasab 2010). However, in the same study, O. aucheri, which had the lowest AR value (1.21), the highest CI% (45.00) or TF% value (45.18) and the lowest A 1 value (0.18), was introduced as the most symmetrical karyotype (Hesamzadeh Hejazi & Ziaei Nasab 2010). Similarly, the present study worked on the example of O. hypargyrea: this species was recorded to have the largest AR (2.05), the lowest CI% (32.7), TF% (33.21) and the highest A 1 value (0.4), whilst O. oxyodonta subsp. armena was found to have the lowest AR value (1.00), the highest CI value (50.00), the highest TF% (44.00) and lowest A 1 value (0.2). The diagram based on the two parameters of A 1 and A 2 showed that O. cappadocia (2n = 16) took the first place of the dispersion diagram, with the highest values of A 2 , while O. hypargyrea (2n = 14) took a place on the right side of the diagram with the highest A 1 index (Fig. 10) . O. cappadocica was found to have the lowest SI% value (54.98%) and O. lasiostachya to have the highest SI value (73.66%) in this study.
The total karyotype length of the investigated diploid taxa with x = 7 was in the 13.58 µm range in O. caput-galli and up to 24.57 µm in O. hypargyrea. Moreover, it was determined that the total karyotype length of O. cappadocia (2n = 16) with x = 8 was 18.16 µm and that of tetraploid O. viciifolia (2n = 28) was 35.77 µm. Hesamzadeh Hejazi & Ziaei Nasab (2010) indicated that the total karyotype length of diploid Onobrychis species with x = 7 was in the 19.95-28.42 µm range. It was reported in the scope of the same study that the total karyotype length of the diploid taxa with 2n = 16 chromosomes varied in the 18.64-26.72 µm range and that of tetraploid species in the 34.72-56.56 µm range (Hesamzadeh Hejazi & Ziaei Nasab 2010). Considering the CI and RL values obtained in the present study, the highest RL was determined to be in the O. lasiostachya (18.33) and the lowest in the O. viciifolia (5.39); the highest CI was found to be in the O. oxyodonta subsp. armena (50.00) and the lowest CI to be in the O. hypargyrea (32.7). Statistical analysis revealed statistically significant differences between the CI of O. viciifolia chromosomes and all the other species, except for O. caput-galli (F: 7.603, p < 0.05). In addition, a statistically significant difference was found between the CI of O. caput-galli and O. hypargyrea chromosomes. The Tukey's test indicated a statistically significant difference between the RL of O. fallax var. fallax chromosomes and the other taxa studied (F: 20.322; p < 0.05). O. hypargyrea (3.51) was determined to have the highest VRC value and O. caput-galli (1.94) to have the lowest value in the scope of the present study. In the study by Hesamzadeh Hejazi & Ziaei Nasab (2010) , CI values of Onobrychis species varied in the 0.36-0.45 range and VRC values in the 2.33-4.06 range.
Literature review showed that all previous cytological studies on Onobrychis are related to chromosomal counts and no previous study has been conducted on the karyotypic evaluation, except for the study by Hesamzadeh Hejazi & Ziaei Nasab (2010) . In this scope, it is suggested that the results of this study will help address unsolved morphological questions related to this taxonomically complex genus.
